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INTRODUCTION 
Corn accounts for 80% of the total silage production in the 
United States while oats ranks second as a feed grain crop. Oats 
are a major crop in areas of the world where temperatures are cool 
and short growing seasons are not well suited for corn production. 
South Dakota is the leading oat producing state in the nation with 
1. 68 million kilograms of oats produced annually. Oats play an 
important roll as animal feed because among common cereals in the 
United States it ranks highest in both protein and lysine content . 
. Due to tne wide genetic diversity of oat protein content, it seems 
possible to raise protein quantity in cultivated oat cultivars. 
Oat silage contains higher crude protein and a higher per~ent 
of digestible protein than corn silage, sorghum silage, and barley-
pea silage. However, corn silage is superior to oat silage in 
total digestible nutrients (TDN) and digestible energy (17, 56, 96). 
The protein yield in oat groats (dehulled kernels) of Spear (Neal x 
Clintland 64 cross) oats is one of the highest of currently avail-
able varieties. This high average protein yield indicates a com-
bination of high protein percent and adaption to South Dakota's 
environment. The grain contains 7% oil as compared to 5 or 6% for 
most other varieties (21, 68). In addition, Spear oat has a stiff 
straw and moderate rust resistance which makes it favorable to 
farmers who grow it for livestock feeding. 
Regular oatlage has been compared to corn silage by various 
workers at various times, but no comparison has been made between 
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com silage and oat silage ·from high protein oat varieties. There-
fore, the objective of this study was to compare the high protein 
oats variety (Spear) to corn silage as a sole forage for lactating 
cows~ 
LITERATURE REVIEW 
Corn Silage for Dairy Cattle 
3 
Corn silage is well known for yielding more energy per hectare 
than ·any other crop (17). Total digestible nutrient (TDN) values 
~or corn silage usually range from 60 to 70% compared to 73% TDN 
for ear corn (61). The average percent composition of corn silage, 
on a dry matter (DM) basis, for crude protein, ether extract, crude 
fiber, and n~trogen free extract are: 8.3, 3.0, 25.1, and 57.6, 
respectively (42, 61). 
As the corn plant matures, there is an increase in the dry 
matter of the total plant, but expressed on a DM basis, there is a 
decrease in crude protein, crude fiber, and ash contents (17). 
Many workers (17, 96) have shown that the stage of maturity has 
little effect on the digestibility of corn silage DM. However, 
Gordon et al. (32) and Owens et al. (66) reported a decrease in 
lactic acid production with advancing maturity of corn ensiled for 
silage. 
Several researchers (13, 35, 85) reported similar body weight 
gains, milk and milk fat production, and persistency of production 
for cows that consumed only corn silage as compared to cows that 
received corn silage and alfalfa hay. Cows fed· corn silage as their 
only forage continued to produce well during successive lactations 
and responded similarly to those which received hay. Thomas et al. 
(80) fed cows either corn silage or alfalfa hay as the only roughage 
for three lactations. Production of fat corrected milk (FCM), fat, 
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and solids-not-fat (SNF) was similar when cows were fed corn silage, 
hay, or their combinations for one lactation. ·When continued on 
only corn silage or only hay for two or three consecutive lactations, 
those fed corn ·silage consumed less forage DM, produced similar 
~ounts of milk and FCM with similar persistencies, consumed 
slightly more grain, and had less weight loss. 
Considerable ~esearch has determined the relative milk pro-
duction when.cows were fed corn silage only or various combinations 
of corn silage and hay. Owens et al. (65) found no significant dif-
. ference in milk production when corn silage was supplemented with 
orchard grass or mixed hay. However, one probably would not have 
expected to find differences in milk production ~ince two groups of 
six animals were fed ·hay that contained 6% digestible protein for 
short periods. Waugh et al. (91) found no significant differenc~s 
in fat corrected milk production of cows fed corn silage ad libitum 
and hay at 0, .25, .50, and 1.00% of body weight. Holter et al. 
(40) fed corn silage plus either wilted mixed grass silage or mixed 
grass hay in a 60:40 DM ratio and found no significant differences 
in either nutrient digestibility or energy balance data. 
In a 4 yr lactation trial, Holter et al. (39) found no differ-
ence in milk production of cows fed corn silage or corn silage sup-
plemented with grass hay even though DM intake was higher on hay 
rations. Thomas et al. (80) fed medium quality alfalfa (14. 7% crude 
protein) with different proportions of corn silage to 40 cows and 
concluded that dairymen could feed only corn silage and receive 
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milk yields equal to or greater than yields achieved when they fed 
alfalfa hay or various proportions of both forages. 
Belyea et al. (5) reported -that cows fed corn silage, corn 
silage plus hay crop silage, and corn silage plus hay had similar 
~eed intakes, milk production, and body weights, and concluded that 
there was no advantage for hay included with corn silage. 
Moisture content, h~y supplementation, and energy content of 
corn silage ~ere studied as factors affecting DM intake and utili-
zation by lactating cows (22). In experiment 1, a 2 wk delay in 
.date of harvest resulted in an increase in DM content of silage, 
but this was associated with greater (P<.05) DM intake and fat cor-
rected milk production for early maturing varieties. Harvest dates 
had no influence on solids-not-fat (SNF) content of the milk or 
body weight, but silage from early maturing varieties resulted in 
a higher (P<0.05) SNF content and greater loss in body weight. In 
experiment 2, feeding 4.7 kg of hay per day reduced (P<0.05) silage 
total DM intake and increased total ration DM intake but did not 
change milk production or composition when compared with feeding 
2.3 kg of hay per day. In experiment 3, ear silage, stalk and leaf 
silage, and hay were compared as sources of roughage for lactating 
cows. Total ration DM intake was greater (P<.05) when hay was fed 
alone, but milk production was higher when ear silage was fed. 
Moisture content is one -of the major characteristics of corn 
silage controlling DM intake (91). Other factors which affect the 
acceptability of silage include digestibility of the DM (55), the 
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percentage of crude fiber and crude protein, and the amount of hay 
fed with the silage (50, 91). 
Health problems were encounter~d more frequently in the cows 
fed only corn silage (18). Incidence of ketosis and listeriosis 
was much greater in the all or high corn silage diet. Some (40, 62) 
attributed cases of metritis, mastitis, milk fever, retained pla-
centas, and iodine .def i ciencies with forms of stress introduced by 
all corn silMe feeding. Some cows in the all corn silage group 
had retained placentas and produced calves with goiters. It was 
-
concluded that cows can maintain high levels of milk production for 
successive years when fed corn silage as the sole forage (15, 85). 
Abomasal displacement occurred frequently in the studies revie~ed 
and has been attributed to high grain feeding concurrent with feed-
ing corn silage as the sole forage (19, 39, 82). 
The high energy content of corn silage has led to problems in 
housing systems where cows in a herd are in one group and corn 
silage is offered free-choice. Overconsumption of energy by growing 
heifers leads to excessive gain rate which may be detrimental to 
later lactation ability and results in greater loss of cows from 
the herd because of reproductive failure (sterility). The same 
problem could occur from overfeeding dry cows (18, 61). 
Field observations (18, 82) indicate· that overconsumption of 
energy in mid to late lactation may cause the following: 1) depress 
production in the current lactation, 2) depress appetite in the 
following lactation, and 3) result in animals which are prone to 
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develop clinical ketosis because of the overconditioning, a funda-
mental metabolic antagonism may exist between milk production and 
body fat which diverts excess dietary energy in late lactation to 
body fat rather· than to milk production. 
Corn silage is low in calcium, sodium, phosphorus, magnesium, 
and cobalt and may .be deficient in iodine for ruminants in some 
geographical areas . (18, 36). Other studies suggest that sulfur 
should be sup~lemented when urea is added and silage is fed as a 
major or only forage (45). Thomas et al. (79) reported that cows 
. fed silage th~_! is high non-protein nitrogen are more susceptible 
to sulfur deficiency than those fed normal corn silage. Even 
though many researchers (18, 79) recommead the sappl3mentation of 
dairy feeds with vitamins A and D, others (36) feel that corn 
silage contains a sufficient quantity of vitamin A as carotene and 
vitamin D to satisfy the animals' requirements. 
Oat Silage for Dairy Cows 
Oats protein has three unique features relative to other cereal 
grains which are used for livestock feed. 1) It has a high bio-
logical value. Hischke et .al... 08) found that .protein from seven 
oat varieties had protein efficiency ratios of 2.3 to 2.4 when fed 
to rats. 2) The avenin content in oat protein is low, ranging from 
12 to 20% whereas, protein of other cereals range from 30 to 60%. 
No direct comparisons have been reported between the amino acid 
composition of oat protein and those of high lysine types of corn, 
barley, and sorghum, but indirect evidence indicated that the protein 
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composition of oats is nearly identical to those mutant forms (25). 
3) The protein percentage of oats can be elevated by genetic means 
to very high levels. Generally, while grains of oats range from 9 
to 16% protein '(25) and the maximum protein in groats of commercial 
varieties has been quoted as high as 20% (6). Robbins et al. (20), 
from analysis of 289 oat lines from the world collection, reported 
a range of groat p~otein from 12.5 to 24.4 with the mean of 17.1%. 
This data suggests that it is possible to elevate the groat protein 
percentage of oats above the 14 to 17% found in commercial varieties. 
Even more encouraging, however, is another source of gene for high 
groat protein that exists in A. Sterilis, a weedy oat type collected 
near the Mediterranean Sea. Groat protein content in A. Steri1.is 
has been reported up ·to 27.3% by Ohms et al. (60), to 28% by Campbell 
et al. (12), and -to 35% by Frey et al. (30). 
The biological value of oat protei~ doesn't deteriorate as the 
protein percentage increases. Frey (27) analyzed oat varieties with 
a range of grain protein from 9.3 to 15.8% and found that all had 
avenin: protein ratios of 0.18 or .19. Additionally, Robbins et al. 
(70) reported a very low correlation between groat protein percent-
ages and lysine percentages in the protein. Analyses of A. Sterilis 
showed that amino acid percentages in the groat protein from this 
species also remained constant over the range of protein percentages 
from 17.0 to 25.1%, which transcends the range of A. Sativa studied 
by Frey (27). 
Reports by various workers indicated that varietal and 
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environmental conditions influence the amino acid composition of 
oat protein. Frey (28) demonstrated that a change in lysine, 
methionine, tryptophan content accompanied a change in total nitro-
gen level of oat samples. Differences in the lysine content of the 
varieties with varying protein content for any given year were very 
small. From year to year as the protein content increased, the 
glysine content expressed as a percentage of the total protein, 
also increased. McElroy et al. (57) found that the lysine content 
of nine samples of oats, ranging in protein content from 9.4 to 
18.9%, remained uniform. The samples were of one pure variety, 
thus, variations in protein content reflected environmental influ-
ence.· 
Since the groat protein of oats has a good biological value 
relative to other · cereals and its amino acid composition probably 
is constant over a broad range of protein percentages, plant 
breeders are concentrating efforts to increase groat protein per-
centages (29). Among common cereals in the United States, oats 
ranks highest in both protein and lysine content (67), and because 
of its wide genetic diversity, it seems possible to raise the protein 
quality in the oat cultivars. The inverse relationship of protein 
and yield (7, 43, 51, 59, 64, 78); however, presents a problem of 
how to combine high protein and high yield. 
Research on swine feeding by Wahlstrom and Libal (89) indicated 
that high protein-high lysine oats can be used to advantage by 
reducing supplementary protein needs in growing-finishing diets for · 
10 
swine. Including oats as 60% of the grain portion of the diet 
allowed for a reduction of soybean oil meal by 43% in the growing 
period and 64% in the finishing period . 
. Many researchers (4, 11, 21, 40, 44, 46, 53, 54, 72, 74, 75, 
·1G, 81) have repor ted that the protein and TDN content of the plant 
decreases with increasing maturity from the boot stage (before _heads 
appear) to the dough stage of kernel development. Hut jens and 
Martin (L14) r~ported highest NE at milk stage while Stallcup et aL 
(75) found no significant difference in NE at milk stage or dough 
stage, but both r eported the TDN to be highe st at boot stage. 
Figures 1 and 2 by Dale (7l~) show stages of d e ve lopment and nutri--
tiopal comrosiU.an wi.t.h o.dvc1nces in stage s of r:la tu~i!:y . The yield 
of DM per hectare increa s es 25 to 50% from the b oot stage to dough 
stage. Other r esearchers (37) suggest for an optimum compromise 
between dry matter yield and animal production per hectare, oats 
forage s hould b e harvested when about 20% of the plant rea ch the 
flowering stage. In Califo r nia (58), lamb production per hectare 
at this stage of maturity was 35% greater than at the boot or milk 
stage and 15% greater than if harvested when 42% of the hea ds were 
at the dough stage of maturity. Lignification of the fiber 
apparently occurs during the milk stage reducing the foragP nutri-
tional value. Grain development partially offsets the lower digest -
ibility of the straw at the dough stage. These results suggest 
that if the situation doesn't permit harvesting at the 20% flowering 
stage, harvesting should occur at the dough stage in preference to 
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FIG. 1. Dry matter yield versus stage of maturity of oats 
forage. 
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FIG. 2. Composition versus stage of maturity of oats forage. 
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the milk stage. Dough stage forages are low in carotene compared 
to forages at earlier stages of growth and may require supplemen-
tation with vitamins A and E when fed as the only forage for extended 
periods (37). 
McCullough et al. (54) indicated that oats ensiled at only the 
boot stage of development required no additional energy when fed to 
cows in order to m~intain a level of milk production equivalent to 
that a~taine4.from feeding corn. Burgess et al. (10) noted a rapid 
decline in the protein and digestible DM contents of forage oats 
harvested beyond milk stage and suggested that oats should be har-
vested at milk stage of growth to obtain the maximum yield .of diges-
tible.DM while maintaining acceptable voluntary intake level. Lawes 
and Jones (49) suggested that oats should be· ensiled while rela-
tively immature in order to attain the advantage of its higher pro-
tein content relative to corn. Since ensiling oats for maximum 
protein content results in high moisture silage deficient in energy, 
Fisher et al. (23) attempted to overcome this disadvantage by cutting 
at the milk stage and wilting prior to ensiling or adding some oats 
grain during ensiling. These w~re compared to more mature oats 
ensiled at the soft dough stage and to corn silage. Forage DM 
intake was lower for milk stage maturity than others; however, the 
addition of grain to milk stage oats at ensiling time resulted in 
greater intake of DM than was obtained from corn silage. Cows 
gained more weight when fed soft dough stage silage than on corn 
silage or milk stage of maturity of oats silage. 
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Christensen et al. · (16) used seven cultivars of barley, oats, 
and wheat harvested at the mid-dough stage in feeding 200 kg steers. 
The silages averaged 36. 6% DM and 12 .. 5% crude protein with the 
wheat and barley silages containing more protein than oat silage 
(P<0.05). Digestibility of energy averaged 65.4%. The wheat and 
barley cultivars contained more digestible energy than oat culti-
vars. Digestibility of crude protein averaged 68.5%. Voluntary 
intake of DM .was higher for oats than barley or wheat cultivars. 
Voelker et al. (88) reported that early dough oats sil~ge con-
tained iess digestible energy than oats-barley-wheat silages. 
Crude fiber content of oats silage reached a peak at milk stage and 
then declined to hard dough stage (53, 81). Acid dcterge~t fiber 
(ADF) increased with ·the stage of maturity and with wilting of oats 
silage (20), while crude fiber digestibility decreased from boot to 
milk stage and then increased to hard dough stage .(81). Martz 
et al. (52) found out that the TDN value of oats silage remained 
relatively constant when harvested after milk stage. 
Thurman et al. (81) reported a higher nutrient yield per hectare 
as opposed to (11, 52) when oats were harvested at milk stage. 
Higher protein content, lower crude fiber, and increased digesti-
bility were reported when oats silage was harvested between boot 
to milk stages than in the late stage of maturity (11, 20, 71, 75, 
81). McCullough et al. (54) did not observe normal milk production 
when cows were fed milk or dough stage silage as opposed to prebloorn 
stage. They concluded that harvesting prior to milk stage doesn't 
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have an effect on milk production. Martz et al. (52) reported that 
the utilization of TDN for milk production was similar at about 
early milk and soft dough stages o f the oat silage. In a later 
~tody (53) anim~ls fed boot stige silage gained more weight and 
produced more FCM. These resea~chers (52, 53, 90) concluded that 
boot sta ge or shor~ly thereafter, is the best for milk production 
even though oat silage could be made at varying stages of maturity. 
Corn Silage vs Oatlage Nutrient Analysis 
Amount of soluble nitrogen in oats is about twice that of corn 
(95). Oat silage contains more crude protein than corn silage, 
sorghum silage, and barley-pea silages (8, 48, 87); however , corn 
silage contains more TDN and digestible energy than oat silag~ (8, 
9, 24, 48, 69, 75, 90). Burgess et al. (11) observed that oat 
silage contained more ADF than corn, barley, and wheat silages. 
Voelker et al. (88) reported higher crude fiber and ADF in low 
moisture early dough oat silage compared to low moisture, oats-
barley-wheat silage. 
Most cereal grains are deficient in lysine and the second 
limiting amino acids are tryptophan in corn (60) threonine in 
barley (41) and phenylalanine plus tyros ine in sorghum (26). The 
protein efficiency ratios of cereal grains indicate poor quality 
with the exception of oats (70). Oat groats contain approximately 
16.5% protein and 0.6% lysine whereas, corn contains 0.2% lysine. 
In the effort to increase the protein content of cereal grains, 
plant geneticists have been hindered by the fac t that lysine content 
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increases little as the .protein content increases. In the case of 
corn, the zein fraction, which is low in tryptophan and lysine, 
increased 40% to 95% faster than total protein in the course of 
selec.tion ( 7 3) . · 
Lassiter et al. (48) carried out a 2 yr experiment to evaluate 
corn vs oat silage as a roughage for dairy cattle. In the first 
year, cows fed the _oat silage produced more milk, gained more 
weight, and ~~nsumed more forages than those fed corn silage, but 
these results were reversed in the second year. Lassiter et al. 
(47) reported that early dough oat silage contained less TDN than 
the dent stage of corn silage on DM basis. Cows produced more 4% 
FCM arid gained more weight when fed oat silage than corn silage. 
They concluded that oat silage was at least equal to corn silage 
in feeding value on DM basis. 
Burgess et al. (11) used corn, barley, wheat, and forage oats 
as a sole forage to feed 48 milking cows in two 12 wk feeding 
trials. In the first experiment, corn harvested at early dent 
stage, barley, and forage oats harvested in the dough stage were 
compared. Cows fed corn silage produced the highest amount of milk 
followed by those fed barley. The oat silage group had the highest 
DM intake followed by barley. In the second experiment, cows were 
fed wheat (35.7% DM), barley (29.8% DM), or forage oats (27% DM) 
silage harvested in the dough stage. Cows fed the barley silage 
produced the highest amount of milk followed by cows fed the oat 
silage, but DM intake was lowest with oat silage. Even though the 
19 
corn silage DM intake was lower, it was more efficiently utilized 
for milk production than barley or forage oats • . However, wheat, 
barley, and forage oats silage were similar in feeding value. The 
researchers (11) , concluded that the higher amount of protein in the 
cereal silage is of little advantage because protein levels in the 
grain mixtures cannot be decreased appreciably compared to that fed 
with corn silage . 
Breeding Groups of Cattle .. 
Since there has been an increase in genetic ability of dairy 
cattle for milk production, this resea rch planned fo r the use of 
two gene. tic groups of dairy cattle. One group was produced. by 
using ·co;~s bred for high milk productio:i.; the ether group was bred 
for high type. 
Since 1929 when the Holstein~Friesian Association of America 
introduced the first official type classific t ion system in the 
country, dairy cattle breed associations have developed classifi-
cation systems with the hope that they might serve as phenotypic 
and/or genetic indicators of milk producing ability, longevity, 
and wearability. Additionally, dairymen have classified their 
cattle to identify conformational s trength and weaknesses in 
individual cows and in the herd in general and for aesthet1.c value. 
Touchberry (83) studied official Holstein ·data and milk yield on 
18/ daughter darn pairs and reported a genetic correlation of ·-18 
between type score and milk production. Carter et al. (14) esti-
mated relationships between official type production information 
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on 8,287 Canadian Holsteins and reported the genetic correlation 
of milk yield with type traits ranged from -. 06 .for body capacity 
to .49 for dairy character, with a relationship between milk yield 
and final score .of .12. Others. (1, 33) have also reported a low 
phenotypic correlation from analyzing Dairy Herd Improvement (DBI) 
milk production records and an official type information on 
Holstein cows. 
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MAT.ERIALS AND METHODS 
The oat silage yielded 54.27% as much forage per unit of land 
as the corn silage. They were harvested at dent stage _for the corn 
and dough stage ·for the oats and were ensiled in an oxygen limiting 
upright silo after the oats were -wilted. 
Twenty Holstein cows (10 type and 10 production breeding groups) 
at their peak of l~ctation were assigned to the two silage treat-
ments based~~ their production and breeding groups. A 16% grain 
mix (Table 1) was group fed at the rate of 1 kg/3 kg of milk with 
TABLE 1. Composition of concentrate mixture.a 
Ingredient 
Rolled shelled corn 
Oat grain 
Soybean meal 
Trace mineral salt 
Dicalciurn phosphate 
% 
41.5 
41.5 
14.5 
1.5 
1.0 
aMixes contained 8,800 IU added vitamin A and 2,200 IU added 
vitamin D/kg 
amounts adjusted weekly according to the previous week's milk pro-
duction for 16 wk of the trial period. Cows were weighed 3 succes-
sive days at the beginning and end of the trial period. Both 
silages were fed ad libitum with the amount fed and refused weighed 
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and recorded. 
Samples of feeds were taken weekly and samples frozen for 
future analysis. Moisture contents of the feed were determined by 
1 . . 
drying it in a forced-air oven at 60 C for 48 h. Then the feeds 
were ground to pass a 1 mm screeq to be used for further analyses. 
Samples were analyz~d for crude protein by the Kjeldahl procedure 
(3), for ·cell wall constituents (CWC), hemicellulose, ADF, cellu-
lose, permaganent lignin , and ash by the method outlined by Goering 
and Van Soest (31). Milk samples were analyzed for milk fat by 
Foss Milk-0-Tester2 , protein by Pro-Milk (dye binding) method , and 
total solids by Mojonnier method (62). Solid corrected milk (SCM) 
was calculated according to Tyrrcl and Reid (8~). 
The analysis of variance was carried out using the following 
model (77): 
1) Yijk =µ+Fi + Wj + FWij + E(ijk) where: 
µ=population mean prior to application of treatment (trt) 
Fi= fixed effect of the ith feed 
Wi = fixed effect of the jth week 
FWij = fixed interaction of the ith feed and kth week 
E(ijk) = random effect associated with experimental units 
The linear mode l used to test the difference in milk yield and 
composition was Yijkl =µ+Ti + Gj + TGij +Wk+ TWik + TGWjk + 
1 Arthur H. Thomas Co., Philadelphia, PA. 
2MK-II, N. Foss Electric, Hillered, Denmark. 
TGWijk + E(ijkl): 
ll = pop mean prior to application of trt 
Ti = fixed effect of the ith trt (feed) 
Gj = fixed effect of jth group (breeding group) 
TGij fixed intera ction of the ith trt and jth group 
Wk= fixed effect of the kth week 
TWik = fixed interaction of the ith trt and kth week 
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GWjk = fixed interaction of the jth group and kth week 
TGWijk = fixed interaction of ith t ~t jth group and kth week 
E ( ijkl) = random effect associated with the experimental unit 
Variance analysis was carried out to find out if real differences 
e xisted between the two ·bre'eding groups in terms of body weight 
gain, milk production, and milk composition. Interaction between 
feed and breeding groups were calcu lated but feed efficiency was 
n o t c alculated because cows within the breeding group were not 
ind ividually fed the corn silage or oatlage due to lack of facili -
ties . The linear m6del us e d to test variance analysis was Yijk = 
~ +Bi + Tj + BTij + E(ijk): 
µ=mean prior to application of trt (milk) 
Bi= fixed effect of the ith breed 
Tj fixed effect of the jth treatment 
BTij = fixed interaction of ith breed and jth trea tment 
E(ijk) = random effect of the experimental units 
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REsuiTs _AND DISCUSSION 
Forage Composition 
Oat silage contained more crude protein (P<.01) than the corn 
silage as expected (Table 2). The oat silage had also more ADF, 
cellulose (P<.05), ether extract, and total ash (P<.01) while the 
corn silage had more cell wall constituents and hemicellulose. 
The two feeds were _not significantly different in the permanganate 
lignin compos~!ion. This makes the two silages more comparable 
from the nutritional standpoint because lignin binds itself to 
cellulose and hemicellulose which causes the digestibility of cellu-
lose and hemicellulose to vary directly according to the lignin 
content (4, 17, 27, 40, "47, 74, 80, 81, 88, 91). Since the ~resent 
author did not observe a significant difference in the lignin com-
ponents, the two fBeds could be equally available to the animal 
proportional to the rest of the components (4, 29, 40, 74, 81, 91, 
95). The comparative compositions of the corn silage and the oat-
lage agreed with the analyses reported by Lassiter et al. (50) and 
Burgess et al. (11). 
Body Weight Gain and Forage Consumption 
Average initial weight, weight gain, and daily forage DM con-
sumption are shown in Table 3. Average daily gains were greater 
(P<.01) with the corn silage; however, forage DM intake was greater 
(P<.05) with the oat silage. Therefore, corn silage was more 
efficient in producing weight gain than the oats silage. These 
results agreed with results reported by Burgess et al. (11) and 
TABLE 2. Mean composition of corn silage and oat silage. 
Component 
Dry matter, % 
Crude protein, % of DM 
Cellulose,% of DM 
Hemicellulose, % of DM 
.. 
Permanganate lignin, % of DM 
Acid detergent fiber,% of DM 
Cell wall constituents, % of DM 
Cell s_oluble material, % of DM 
Ash, % of DM 
Ether extract, % of DM 
aStandard error of mean 
* 
Corn 
silage 
41.3 
8.7 
24.6 
26.4 
5.8 
32.6 
58.8 
41.2 
4.7 
2.4 
Different from corn silage, P<.05 
** Different from corn silage, P<.01 
Forage 
Oat 
silage 
** 57.7 
** 11.5 
* 29.4 
** 16.5 
6.4 
* 36.5 
** 51.2 
* 46.9 
** 7.7 
** 3.8 
25 
.40 
.07 
1.30 
2.44 
• 27. 
.97 
2.44 
J..58 
.13 
. • 02 
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Lassiter et al. (50). 
TABLE 3. Feed dry matter consumption and body weight changes. 
Forage 
Corn Oat 
It~m silage silage SEa 
Forage intake/head/day, kg * 11.00 11.60 .02 
Grain intake/he,1d/ day, kg 8.09 8.06 .01 
Initial wt, kgJhead 675.60 643.20 30.48 
Average daily gain, kg/head/day ** .32 .10 .07 
a Standard error of mean 
* Different from corn silage, P<.05 
** Different from corn silage, P<.01 
Yield and Composition of Milk 
Daily yield of milk and 4% fat-corrected-milk (FCM) were simi-
lar with both rations (Table 4). These results agreed with reports 
by Lassiter et al. (50) but not with Burgess et al. (11) who report-
ed that cows fed corn silage produced more actual milk and FCM. 
Percent fat, protein, and amount of fat were similar while percent 
total solids, amount of solids-not-fat, and amount of solids-cor-
rected-milk were higher (P<.01) from the cows fed corn silage than 
oat silage. 
Despite similar production in this trial when fed either oat 
silage or corn silage, I cannot recommend substituting oat silage 
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TABLE 4. Yield and compositi on of milk from dairy cows receiving 
either corn silage or oat silage. 
· · Forage 
Corn Oat 
Item silage silage SEa 
Milk yield, kg/day 24.3 23.2 .44 
Fat-corrected-milk, kg/day 22.3 22.0 .45 
Solids-corrected-milk, kg/day * .56 23.4 22.1 
Fat,% 3.57 3.65 .07 
Protein, % 2.73 - 2. 70 .05 
** Total solids, % 12.96 12.54 .12 
** Solids-not-fat, % 9.39 8.88 .12 
Fat, kg/day . 84 .85 .02 
Protein, kg/day .66 .62 .02 
Solids, kg/day 3.12 ** 2.91 .52 
** Solids-not-fat, kg/day 2.28 2.07 .44 
a Standard error of mean 
* Different from corn silage, P<.05 
** Different frpm corn silage, P<.01 
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for corn silage without adj us.ting the protein supplied in the · grain 
mix. In this trial, protein may have limited production by cows fed 
corn silage, whereas, it was not a limiting factor for cows fed ·oats 
silage •. For example, the corn silage fed cows were only receiving 
89% of their required protein base'd on guidelines recommended by 
the National Research Council (NRC) (61) while cows fed oats silage 
were receiving 107%. of the recommended protein requirements (61). 
Breeding Group. 
Production group cows produced more (P<.01) milk, fat-corrected-
milk (FCci), and solids-corrected-milk, while the type breeding group 
cows produced milk with a higher percentage of fat and total· solids 
(Table 5). Milk from the two groups contnined a si~ilar concentra-
tion of protein as well as similar amounts of protein, fat and pro-
tein. The type group cows gained more weight (.32 versus .22 kg/day, 
P<.01) than the production cows. 
An interaction between the breeding groups and feed was obser-
ved. Production cows receiving the corn silage tended to produce 
more solids-corrected-milk and solids-not-fat while type cows pro-
duced a greater percent of total solids and solids-not-fat (Table 6). 
The quantity and composition of milk produced by the two breeding 
groups receiving the oats silage was not significantly different 
(Table 7) .. 
This trial has shown a significant difference between type and 
production breeding groups in milk yield, FCM, SCM, total solids, 
and percent fat. These results may not be repeatable because of 
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TABLE 5. Yield and composition of milk from type and production 
trait cows. 
Item 
Milk yield, kg/day 
Fat-.corrected-milk, kg/day 
Solids-corrected-milk, kg/day 
Fat,% 
Protein,% 
Total solids,% 
Solids-not-fat, % 
Fat, kg/day 
Protein, kg/day 
Total solids, kg/day 
Solids-not-fat, kg/day 
a . 
Standard error of mean 
** 
Breeding grouE 
Type Production 
** 22.1 25.4 
** 21.5 22.9 
** 21.1 23.5 
** 3.86 3.36 
2.74 2.69 
13.14 12.35 
** 9.28 8.99 
.84 . .85 
.60 .68 
2.89 3.13 
2.05 2.28 
Different from type breeding group P<.01 
.45 
.54 
.78 
.07 
.05 
·.12 
.12 
.02 
.02 
.07 
.06 
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TABLF. -6. Yield and composition of milk from type and production 
breeding groups cows receiVing ·corn silage. 
Item 
Milk yield, kg/day 
Fat-corrected-milk, kg/day 
Solids- corrected- milk, kg/day 
Fat, % 
Proteins % 
Total solids, % 
Solids-not- fat, % 
Fat, kg/day 
Protein, k g/ day 
Total solids, kg/day 
Solids- not- fat, kg/day 
a Standard error of mean 
** 
Breeding grouE 
Type Production 
21.3 27.3 
21 ·. 0 23.5 
-lo~ 
22.1 24.8 
-l<i< 
4.bo 3.14 
2.78 2.67 
*'I< 13.64 12.27 
9.64 9.13 
.83 .84 
.58 . 72 
** 2.88 3. 31{ 
2.05 2.49 
Differ ent from type breeding group, P<.01 
I 
• 32 
.26 
.29 
.04 
.02 
.06 
.15 
. • 01 
.01 
.04 
.03 
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TABLE 7. Yield and composi~ion of milk from type and production 
breeding groups cows receiving. oats silage. 
Item 
Milk yield, kg/day 
Fat-corrected-milk, kg/day 
Solids-corrected-milk, kg/day 
Fat,% 
Protein, % 
Total solids,% 
Solids-not-fat 
Fat, kg/day 
Protein, kg/day 
Total solids, kg/day 
Solids-not-fat, kg/day 
a . 
Standard error of mean 
Breeding group 
Type Production 
22.9 
21.9 
22.1 
3. 72 
2.69 
12.63 
8.91 
.85 
.62 
2.89 
2.04 
23.4 
22.1 
22.3 
3.58 
2.69 
12.43 
8.84 
.84 
.62 
2.92 
2.07 
.39 
.40 
.40 
.03 
.01 
.07 
.08 
.02 
.01 
.04 
.01 
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the few numbers of cows used and inconstency of the breeding groups 
to produce similarly with the two kinds of forages. Type traits 
and production traits of this kind can be ·valid in data collected 
from iar_ge numbers ,of animals (1, 2, 14, 15, 34, 63, 86, 92, 93, 94), 
but even then research on large volumes of data showed no or very 
little genetic relationships between type and production genetic 
groups and milk production. 
SUMMARY 
Conclusions that can be drawn from the results. of these 
investigations are: 
33 
1~ . The oat si,lage contained more crude protein, acid deter-
gent fiber, cellulose, ether extract, and ash while the 
corn silage contained more hemicellulose and cell wall 
cons tituents. 
2. Milk pr oduction and 4% fat-corrected- milk were not sig-
nificantly different when cows were fed either the corn 
silage or the high protein oat iilage. 
3. Even though cows fed the oat silage consumed more feed 
.dry mat ter per day average <lai i y weigrit gAin was greater 
for the cows that are fed the corn silage. 
4. Production trait cows produced more milk, fat-corrected-
milk, solids-corrected-milk, total solids, and pro t ein 
while the type trait cows produced more fat and solids-not-
fat. 
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